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the cross section ofe e -anmhflatlon i to hadrons are obtained within the frame- Finite energy sum rules (FESR) for ' +. . . .  
work of QCD. The FESR for the standard 4-quark model are in satisfactory agreement with experiment. The best descrip- 
tion of the data is given by the 5-quark model, with the electric charge of the 5th quark Qs = -1/3. 
Currently one of the most popular models of strong 
interactions i quantum chromodynamics (QCD), i.e. 
the gauge theory of  colored quarks and gluons. How- 
ever, due to the lack of  clear understanding of the 
"confinement puzzle" QCD is not directly applicable 
to the calculations of the cross sections of physical 
processes on mass-shell even at high energies. For in- 
stance as applied to the process of e+e--annihilation 
into hadrons QCD gives information about the be- 
haviour of the hadron vacuum polarization function 
If(z) only far enough from the cut [4m 2 , oo) at which 
the imaginary part of If(z) is proportional to the quan- 
tity R(S) = a(e+e - -hadrons)/a(e+e--/J+U - )  [1-4] .  
Let Ilth(z ) be the value of If(z) evaluated in QCD 
up to Nth order in the quark-gluon coupling constant 
a s. In ref. [4] convincing arguments were given in 
favour of the validity of the approximate quality 
II(z) ~ Ilth(Z), Imz~>A, (1) 
where A is a parameter dependent on N. 
In this paper we would like to call attention to the 
obvious fact that the analytical properties of II(z) ex- 
pressed by the Kallen-Lehman representation 
f4m R(s')~' II(z) = z s 7~ --z-) '  (2) 
and eq. (1) involve a host of integral sum rules con- 
necting R(s) and 
1 
Rth(S) = ~i  (llth (S + ie) -- Ilth(s -- ie)). 
Indeed, integrating the function II(z)z n, n = 0, +I, +2, 
..., over the contour shown in fig. la and the function 
II(z)/z g, k = 0, -+1, +2 ..... over the contour of fig. Ib 
and using, together with equalities (1) and (2), the 
Cauchy theorem, we obtain finite energy sum rules 
(FESR) 
S S 
f . . . . .  n ,  R(s')s 'nds '~. ~tht s )s ds , 
o 
(3) 
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Fig. 1. The integration path used in the derivation of the 
FESR (3) and (4). 
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Notice that the error due to invalidity of perturbation 
theory for Imz < A is equal in order of magnitude to 
A/0rs) for the FESR (3) and A/[Tr(s - So) ] for the 
FESR (4) (to within possible logarithmic factors). 
The sum rules (3) were discussed in refs. [5,6] on 
the basis of analogy with duality sum rules for strong 
interactions [7]• Those works, however, contained no 
convincing arguments in favour of a particular choice 
of Rth(s). In quantum chromodynamics the FESR (3) 
at n = 0 was used in refs. [8,9[ to find the parameter 
defining the scale of the quark-gluon coupling2con- 
stant a s from experimental data for s ~< 1 GeV . 
We compare the FESR (4) with experiment at s o 
= 9 GeV 2, s = 60 GeV 2 for the values of k variable 
within -10  ~< k ~< 10. For Rth we used the formula [4] 
Rth(S) = .} ~ Q2 (3 - v 2) vi(1 + -} O~sf(Vi)), (5) 
i 
• ~ (3 + v) _ 
v i= I -  ,£(v) -20 4 ' 
s i i s+ 5m2i ~]-i 
O~s = 127r [33 ln(~-~) - 2 ~ In \A f+~-2  ] j 
l 
where mi, Qi are the mass and charge of the ith flavour 
quark. (We note that in eq. (5) the quark masses cor- 
respond to the position of the poles of quark propaga- 
tors; for the discussion of  other possible ways of in- 
troducing the parameters corresponding to quark mas- 
ses in perturbation theory, see ref. [9] .) The masses 
of light u, d and s quarks were taken to be zero and for 
the quantity A we used the value A = 500 meV which 
is preferable as regards the description of deep inelastic 
lepton-hadron reactions [10] and the mean value of 
R(s) at s ~< 1 GeV 2 in terms of quantum chromody- 
namics. To calculate the integrals with R(s), we used 
an analytic.al fit for R, obtained by combining the 
formulas of refs. [11,12] atx/s < 5 GeV, and for 
x/s >~ 5 GeV we putR  = 5 [13[. In this case for Rth 
we used the expression (5) with the addition correspond- 
ing to production of a pair of heavy leptons r+r - [14]. 
For the standard four-quark model with m c = 1.25 
GeV/e 2 [15] the FESR (4) holds to within 20%(20%) *a . 
For the five-quark model with Q5 = -1 /3  the best 
agreement between theory and experiment is achieved 
~:i Given here and below in brackets are the lative values of 
errors in cases where the interaction is disregarded (as =- 0). 
with masses of the fourth and fifth quarks m 4 = m 5 
= 1.6 (GeV/c) 2, the FESR (4) holding to within 
10%(12%). However, it should be noted that the values 
m 4 and m 5 are very sensitive to the particular choice 
of A. So, if we take A = 700 meV, we should get m 4 
= 1.6 GeV/e 2, m 5 = 2.3 GeV/c 2 . 
If we assume that the contribution of charmed and 
usual hadrons to R are additive and confine ourselves 
to the zero-order approximation of perturbation theory, 
then it follows from eq. (4) that in the standard model 
(k> 2) 
oo ~ R~(S')ds,, 
f RC(s ' )ds '~  f (6) 
4m~ s'k 4m2c s'k 
where R c is the contribution to R from production of 
hadrons containing c-quarks• 
The FESR (6) were first obtained in ref. [15] by 
calculating (dnIIc/ds n) (0)• A comparison of eq. (6) 
with experiment made in that work showed that the 
FESR (6) are in reasonable agreement with experiment 
only when k < 7. We thus come to the conclusion that 
rejection of the hypothesis of additivity and inclusion 
of the interaction substantially improve the agreement 
between the FESR and experiment. 
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